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Description 

This invention relates to a method of forming lines 
of weakness in a plastic material, especially a packag- 
ing material, by local vaporization or degradation by 
means of a laser beam, which laser beam and which 
plastic or packaging material can be moved in relation 
to each other. This method can also be used to groove 
a plastic material. 

Such a method is known from U.S. patent 
3,909.582. The laser beam is provided by a stationary 
C0 2 laser conventional for industrial applications, which 
C0 2 laser provides radiant energy at a constant wave* 
length of 10.6 microns. The packaging material is 
passed under the laser beam, with the rate of move- 
ment and consequently the processing speed being 
determined substantially by the radiation absorption 
capacity of the packaging material to be processed. 
This radiation absorption capacity is a property of mate- 
rials which may have greatly varying values in different 
materials. A high absorption capacity means that the 
radiant energy supplied to the material is converted 
substantially into a weakening of materials by a form of 
energy effecting vaporization or degradation, e.g. heat. 
As a result the processing speed of these materials is 
high. A low absorption capacity gives a low processing 
speed which in some packaging materials is so low that, 
in practice, it is diff icult to form lines of weakness therein 
with the conventional C0 2 laser. 

The object of this invention is to increase the 
processing speed of packaging materials or to enhance 
the processability of a series of materials that are diffi- 
cult to weaken with a laser. 

The method of the invention is characterized in that 
the laser beam is generated by means of a wavelength 
tunable laser tuned to a wavelength selected on the 
basis of the wavelength dependent absorption spec- 
trum of the material to be processed. The wavelength is 
selected in such a manner that the product of the laser 
efficiency and the absorption value of the packaging 
material is highest at that selected wavelength. 

The method of the invention will hereinbelow be 
illustrated with reference to the drawings and examples. 
In the drawings: 

Fig. 1 is a graph in which the power supplied by a 
tunable CO2 laser is plotted against the wave- 
length; 

Fig. 2 is the wavelength power table belonging to 
Fig. 1 for the C0 2 isotope C 12 02 16 ; 
Fig. 3 is the transmission spectrum of a polypropyl- 
ene film; and 

Fig. 4 is the transmission spectrum of a polyester 

film. 

wavelength tunable qq z lasers 

Such lasers are known per se. To date, they are 
used for scientific research. The range of operation of 



this type of C0 2 laser is between the wavelengths of 
8.9-11.4 microns. By, e.g., rotating a diffraction grating 
placed at the end of the laser tube, the laser can be 
tuned to a certain wavelength within the above-indi- 

5 cated range. Not all wavelengths give laser action, and 
the power supplied by the laser depends on the 
selected wavelength. For a conventional C0 2 isotope - 
C 12 0 2 16 - it was found that there were 80 transitions or 
wavelengths distributed over four ranges 9R, 9P, 10R 

10 and 10P (see Fig. 1) in which laser action occurs. The 
power supplied by the laser or the efficiency depends 
on the wavelength. Shown in Table I (Fig. 2) are for a 
60W C0 2 laser for the ranges 9R-1 OP the different tran- 
sitions (column A) as well as the associate wavelengths 

is in microns (column B), the reciprocal values thereof 
(column C), the power supplied (column D), and the effi- 
ciency (column E). As shown in Table I, the peaks of the 
ranges 9R, 9P, 10R and 10P are not at the same level, 
as shown in Fig. 1 for the sake of convenience. 

20 When the C0 2 laser is filled with another isotope, 
e.g.. C 13 0 2 16 or C 12 0 2 18 , there proves to be a shift of 
the ranges 9R-10P with laser action within the wave- 
length range 8.9-1 1.4 microns, as shown in Fig. 1. At a 
wavelength of 10.6 microns a CO2 laser with isotope 

25 C 12 0 2 16 is found to supply a maximum power, the laser 
action at that wavelength being low for the isotope 
C 12 0 2 18 and even non-existent for the isotope C 13 0 2 16 . 

Absorption capacity of packaging material 

30 

Example I 

U.S. patent 3,909,582 discloses that different pack- 
aging materials have absorption capacities different 

35 from each other for radiant energy having a wavelength 
of 10.6 microns. This absorption capacity is a measure 
of the processing speed when forming lines of weak- 
ness with a conventional untunable C0 2 laser (wave- 
length of 10.6 microns). 

40 When packaging material is examined by means of 
an infrared spectrometer, the absorption capacity is 
found to depend strongly on the wavelength. 

In Fig. 3 the curve of the transmission value (%) is 
plotted against the wavelength for a polypropylene fflm 

45 having a thickness of 20 microns. At the wavelength of 
10.6 microns the transmission value is ±84%. Of the 
radiant energy supplied to the polypropylene film, 84% 
are found to pass through the material, only 16% of the 
energy supplied are partly reflected and partly 

so absorbed in the polypropylene film. The amount of 
reflected energy can also be determined by means of 
an infrared spectrometer and varies within the wave- 
length range of 8.9-11.4 microns between 0 and 10%. 
Only ±1 1% of the energy supplied remains for absorp- 

55 tion in the film. Consequently, the forming of lines of 
weakness in such a polypropylene film with a conven- 
tional C0 2 laser is a difficult and slow process. 

The graph of Fig. 3 further shows two minima for 
the transmission value, namely 10.02 and 10.28 
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microns. The transmission value is then ±41% and the 
absorption value 100%-<41%+5%)«±54% or a factor of 
5 greater than at the wavelength of 10.6 microns, tf radi- 
ant energy having a wavelength of 10.02 or 10.28 
microns is available, then the processability of the poly- 
propylene film will be considerably increased. 

Fig. 1 and Table 1 show that for the wavelength of 
10.28 microns with a tunable C0 2 laser (isotope 
C 12 0 2 16 ) a transition having a good efficiency (±85%) is 
available, but for the wavelength of 10.02 microns ho 
laser action occurs, unless another gas fill (isotope 
C 13 0 2 16 ) is selected. 

Example II 

In Fig. 4 the curve of the transmission value (%) is 
plotted against the wavelength for a polyester film (PET 
= polyethylene terephthalate) having a thickness of 12 
microns. At a wavelength of 10.6 microns the transmis- 
sion value is ±75%. so the absorption value is low. The 
transmission value graph shows three minima, namely 
at 9.81, 10.29, and 9.2-9.3 microns. The Table (Fig. 2) 
shows that at the wavelength of 10.28 microns the laser 
can supply a power of 49W. At the wavelength of 9.81 
microns there is little or no laser action, while in the 
wavelength range of 9.2-9.3 microns several transitions 
can be selected with a high power supplied by the laser. 
Consequently, for processing the polyester film it is bet- 
ter to select the wavelength of 9.2-9.3 microns, because 
the product of laser efficiency x absorption value is 
higher at this wavelength than at the wavelength of 9.81 
microns. 

Examples I and II show what advantages can be 
obtained by using a tunable C0 2 laser to form lines of 
weakness in packaging materials in the form of a single 
film. Many packaging materials, however, are of com- 
plex composition and are composed of one or more lay- 
ers of paper, cellophane, aluminium foil, polyethylene, 
polypropylene, cellulose triacetate, polyester, polya- 
mides. PVC, PVDC, surlyn, polystyrene, with different 
layers being bonded together by means of adhesive, 
lacquer, plastic, wax, hot melt, and the like. 

With these packaging materials of complex compo- 
sition, the method of the invention offers the advantage 
that the tunable C0 2 laser is allowed to function at a 
wavelength at which one or more specific layers of the 
material are just vaporized or just not. 

On the basis of this principle of just vaporizing or 
just not, tunable CC^ and other types of lasers offer 
great advantages for the process of grooving signs in a 
coating applied to a carrier tarn. The laser is tuned to a 
wavelength at which the coating is processed but the 
carrier film is not affected. 

The tunable C0 2 laser and also other tunable laser 
types offer great advantages for the process of grooving 
or applying marks in plastic products other than those in 
the form of a film which usually have a considerably 
greater thickness than the packaging materials in the 
form of a film. The absorption value of such products is 



usually 100% in view of their thickness, i.e. all the laser 
energy is absorbed in the product or, in other words, 
energy transmission takes place beyond the processing 
depth. With such products, not the wavelength dep nd- 

5 ent absorption value but the absorption valu per unit of 
material thickness or the absorption constant (see U.S. 
patent 3,909.582 - Table I) should be taken as the start- 
ing point. This absorption constant is usually wave- 
length dependent too. In that case the tunable C0 2 or 

10 another type of laser is tuned as described above to 
such a wavelength that the combination of laser effi- 
ciency and absorption constant is highest for obtaining 
a maximum processing speed. 

15 Claims 

1 . A method of forming lines of weakness in or groov- 
ing a plastic material, especially a packaging mate- 
rial, by local vaporization or degradation by means 

20 of a C0 2 -1aser beam, which laser beam and which 
plastic or packaging material can be moved in rela- 
tion to each other, characterized in that the laser 
beam is generated by means of a wavelength tuna- 
ble C0 2 -laser tuned to a wavelength selected on 

25 the basis of the wavelength depending absorption 
spectrum of the material to be processed, at which 
wavelength the product of the laser efficiency and 
the absorption value of the packaging material has 
a maximum value. 

30 

2. A method of claim 1 in which the packaging mate- 
rial is composed of different layers of a composite 
complex material, characterized in that the tunable 
laser is tuned to a wavelength having a low absorp- 

35 tion value for that layer of the complex material 
which has to remain practically unaffected when 
other layers are weakened. 

3. A grooving method of claim 2, characterized in that 
40 the complex material is composed of a carrier film 

and a coating applied thereto, the laser being tuned 
to a wavelength having a high absorption value for 
the coating and a low absorption value for the car- 
rier film. 

45 

PatentansprOche 

1. Verfahren zum Bilden von Schw&chungslinien in 
einem Kunststoffmaterial Oder zum Einkerben 

so eines Kunststoffmaterials, insbesondere eines Ver- 
packungsmaterials. durch Ortliche Verdampfung 
Oder Abtragung mittels eines C0 2 -Laserstrahls. 
wobei der Laserstrahl und das Kunststoff - Oder Ver- 
packungsmaterial in bezug aufeinander bewegt 

55 werden kOnnen, dadurch gekennzeichnet. daft der 
Laserstrahl mrttels eines Wellenlftngen - abstimnv 
baren C0 2 -Lasers erzeugt wird, der auf eine Wel- 
leniange-abgestimmt ist. die auf der Basis der 
Wetlenldnge gewahrt ist, die von dem Absorptions- 
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spektrumdes Materials, das bearbertet warden soil, 
abhangig ist, bei weicher Welieniange das Produkt 
aus dem Laserwirkungsgrad und dem Absorptions- 
wert des Verpackungsmaterials einen Maximalwert 
aufweist 5 

2. Verfahren nach Anspruch 1, bei welchem das Ver- 
packungsmaterial aus unterschiedlichen Schichten 
eines komplexen Verbundmateriats zusammenge- 
setzt ist dadurch gekennzeichnet. dafl der w 
abstimmbare Laser auf eine Welieniange abge- 
stmmt ist die einen niedrigen Absorptionswert fur 

die Schicht des komplexen Materials aufweist die 
praktisch unangegriffen Weiben soil, wenn andere 
Schichten geschwftcht werden. is 

3. Einkerbungsverfahren nach Anspruch 2, dadurch 
gekennzeichnet daB das komplexe Material aus 
einem Tr&gerfilm und einer darauf aufgetragenen 
Beschichtung zusammengesetzt ist, und der Laser 20 
auf eine Welieniange abgestimmt ist die einen 
hohen Absorptionswert fur die Beschichtung und 
einen niedrigen Absorptionswert for den Tragerf ilm 
aufweist. 

25 

Revendlcatlons 

1. Proc6d6 de formation de lignes d'affaiblissement 
ou de rainures dans une matifcre plastique. en par- 
tictdier une mati&re pour emballage par vaporisa- 30 
tion ou degradation locale au moyen d'un faisceau 
laser k C0 2 . ledrt faisceau laser et ladite mattere 
plastique ou matiere pour emballage pouvarrt etre 
deplacts Tun par rapport k i'autre. proc6de caracte- 
rise en ce que le faisceau laser est produrt par un 35 
laser k CO2, accordable en longueur d'onde, r6g!6 

k une longueur d'onde que Ton choisit en se basant 
sur le spectre d'absorption en fonction de la lon- 
gueur d'onde de la matidre k traiter, cette longueur 
d'onde 6tant celle k laqueile le produit de I'eff icacrte 40 
du laser par le coefficient d'absorption de la matter e 
pour emballage prtsente une valeur maximale. 

2. Procede selon la revendication 1, dans lequel la 
matiere pour emballage est constitute des drH eren- 45 
tes couches d'une matidre complexe composite, 
caract6rise en ce que le laser accordabie est r6gl6 

k une longueur d'onde correspondarrt k un faible 
coefficient d'absorption de la couch e de la mattere 
complexe qui doit r ester pratiquement inchangee so 
lorsque d'autres couches sont affaiblies. 

3. Proc6de de formation de rainures selon la revendi- 
cation 2, caract6ris6 en ce que la matiere complexe 

est constitute d'un film support et d'un revetemerrt 55 
applique dessus, et le laser est r6gI6 k une lon- 
gueur d'onde k laqueile le revdtement preserrte un 
fort coefficient d'absorption et le film support pre- 
serve un fable coefficient d'absorption. 
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